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CAPSULE ENDOSCOPE 

This application claims benefit of Japanese Application 
No. 2003-72665 filed on March 17, 2003, the contents of 
which are incorporated by this reference, 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a capsule endoscope 
which picks up an image of the body cavity by introducing, 
in the living body, a capsule portion incorporating an 
observation optical unit and an illuminating unit. 

2. Description of the Related Art 

Recently, an endoscope apparatus has recently been used. 
In the endoscope apparatus, an observing unit arranged to an 
edge portion of an elongated inserting portion of an 
endoscope is inserted to an observed portion in the body 
cavity as a target. The observing unit faces the observed 
portion as the target and thus an observed image of the 
observed portion as the target is displayed on a screen of 
an observing device. 

The endoscope in the endoscope apparatus comprises an 
observing unit which captures an image of a subject in the 
body cavity and an observing device which displays an 
observed image, which are connected by an elongated 
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inserting portion. Therefore, the inserting portion needs 
to be inserted near the observed portion as the target so 
that the observing unit faces the observed portion as the 
target and the observed image is obtained. However, the 
inserting portion must be smoothly introduced near the 
observed portion as the target with skilled art. 

In recent years, a capsule endoscope apparatus 
integrally having a capsule endoscope and an observing 
device has been proposed. The capsule endoscope integrally 
includes an observation optical unit, an illuminating unit, 
and a receiving and transmitting device in a capsule portion. 

Therefore, the capsule portion is swallowed like a 
tablet and then the observed image of the subject captured 
by the observing unit is transmitted to the observing device 
as an external device via the receiving and transmitting 
device. Thus, the observed image of the subject captured by 
the observing unit in the capsule portion is displayed on a 
screen of the observing device. 

For example, Japanese Unexamined Patent Application 
Publication No. 2001-91860 discloses a capsule endoscope. 
The capsule endoscope includes an objective lens in an inner 
space formed by approximately semi-spherical transparent 
cover and a light emitting diode arranged to sandwich the 
objective lens. In the capsule endoscope, a subject is 
illuminated by the light emitting diode, an image of the 
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subject is formed on an image sensor by an objective optical 
system, and the observed image is obtained. 

SUMMARY OF THE INVENTION 

According to the present invention, a capsule endoscope 
includes a capsule portion. The capsule portion includes at 
least an observation optical unit having an image pick-up 
element and an optical lens that forms an objective optical 
system, an illuminating unit having an illuminating, 
substrate, a surface emission light source, and a light- 
emitting control circuit, a peripheral-circuit part which 
forms various circuits having a signal processing circuit, a 
receiving and transmitting circuit, and a control circuit, 
and a power source unit which supplies power to the 
observation optical unit, the illuminating unit, and the 
peripheral-circuit part. Therefore, the luminance blur and 
light-distribution blur of illuminating light generated from 
the illuminating unit are solved. Further, the space of the 
capsule portion for providing the illuminating unit in the 
longitudinal direction can be reduced, thus, the capsule 
portion is reduced in size, and the space in the capsule 
portion is effectively used. 

The above and other objects, features and advantages of 
the invention will become more clearly understood from the 
following description referring to the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram explaining the structure of a 
capsule endoscope / 

Fig. 2A is a diagram showing a state in which an EL 
device is formed on the entire surface around a lens frame; 

Fig. 2B is a diagram showing a state in which the EL 
device is divided and is formed around the lens frame; 

Fig. 2C is a diagram showing a state in which an EL 
device formed like matrixes of R, G, and B is formed on the 
entire surface around the lens frame; 

Fig. 2D is an enlarged view of a portion shown by 
reference numeral 2D in Fig. 2C; 

Fig. 2E is a diagram showing a state in which EL 
devices for red, green, and blue are formed as three divided 
ones; 

Fig. 3A is a diagram showing an example of the 
arrangement of a surface emission laser; 

Fig. 3B is a diagram showing a state in which surface 
emission lasers for red, green, and blue are arranged; 

Fig. 4 is a diagram explaining a capsule endoscope in a 
state in which an observation optical unit is arranged to an 
illuminating substrate as a feature; 

Fig. 5A is a diagram explaining a flexible substrate 
having an EL device; 
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Fig. 5B is a diagram explaining a state in which the 
flexible substrate is arranged in a capsule portion; 

Fig. 6A is a diagram explaining a capsule endoscope 
having illuminating-direction changing means for changing an 
illuminating direction of an EL device; 

Fig. 6B is an enlarged view of a portion shown by 
reference numeral 6B in Fig. 6A; and 

Fig. 7 is a diagram explaining a capsule endoscope 
having the arrangement position for the EL device as a 
feature . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinbelow, a description is given of embodiments of 
the present invention with reference to the drawings. 

(First embodiment) 

Referring to Fig. 1, a capsule endoscope 1 comprises in 
a capsule portion 2: an observation optical unit; an 
illuminating unit; peripheral-circuit parts; and a power 
source unit according to the first embodiment, which will be 
described later. 

The capsule portion 2 comprises: a capsule main body 
(hereinafter, simply abbreviated to a main body) 3; and an 
observing-side cover 4. The main body 3 is cylindrical by 
cylindrically shaping an end portion. The main body 3 is a 
hard resin member with the compatibility with the living 
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body containing, for example, polysulfone. 

The observing-side cover 4 is semi-spherical. The 
observing-side cover 4 is fixed and arranged in a watertight 
state on the edge side of the main body 3. The observing- 
side cover 4 is made of a transparent resin member. The 
resin member has predetermined optical transparency and 
compatibility with the living body. 

The main body 3 comprises an observation optical unit 6, 
an illuminating unit 7 , a plurality of peripheral-circuit 
parts 8a, 8b, and 8c and a power source unit 9 for supplying 
power. Further, the main body 3 includes a treatment tool 
and a tank for accumulating a drug solution (not shown) . 

The observation optical unit 6 mainly comprises: two 
optical lenses 11 and 12; an image pick-up element 13; a 
lens frame 14; and an image pick-up element frame 15. The 
optical lenses 11 and 12 have a circular cross-section and 
form an objective optical system. An optical image passes 
through the optical lenses 11 and 12 and is formed on an 
image pick-up surface of the image pick-up element 13. The 
lens frame 14 is a tube member with predetermined shape. 
The optical lenses 11 and 12 are fixed at predetermined 
positions of the lens frame 14. The image pick-up element 
frame 15 and the lens frame 14 are integrally fixed. The 
image pick-up element frame 15 is arranged to one-surface 
side of the image pick-up element 13. The first peripheral- 
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circuit part 8a is fixed at a predetermined position on the 
other side of the image pick-up element 13. 

The illuminating unit 7 comprises: an illuminating 
substrate 21; an electroluminescence device (hereinafter, 
referred to as an EL device) 22; and various electronic 
parts 23 and 24 forming a light-emitting control circuit. 

The illuminating substrate 21 is shaped like an 
extended play record. Therefore, the lens frame 14 is 
arranged to the inner-periphery side of the illuminating 
substrate 21. The illuminating substrate 21 is made of an 
organic member or inorganic member. The EL device 22 is a 
surface emission light source which is made of a thin film 
or a thick film. This film is made of a low-molecular- 
weight organic light-emitting material or a high-molecular- 
weight organic material, or inorganic light-emitting 
material, and is formed on one-surface side of the 
illuminating substrate 21. The electronic parts 23 and 24 
are mounted on the other-surface side of the illuminating 
substrate 21. The electronic parts 23 and 24 form the 
light-emitting control circuit which controls a light- 
emitting state of the EL device 22. 

The EL device 22 has the property that no heat is 
generated. In addition, as compared with a light-emitting 
diode used as a conventional illuminating unit, the EL 
device 22 has the property that the consumption power is 
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considerably reduced. 

The EL device 22 is formed on a transparent substrate 
20 made of glass or polyethylene teleftarate (PET) by 
printing, deposition, sputtering, plating or the like. 
Specifically, referring to Fig. 2A, the EL device 22 which 
emits white light is formed on the entire surface of the 
transparent substrate 20 and is mounted on the illuminating 
substrate 21. 

Referring to Fig. 2B, the EL device 22 is divided and 
formed on the surface of the transparent substrate 20 with a 
predetermined area, and is mounted on the illuminating 
substrate 21. The area of the EL element 22 is properly set 
and, thus, the brightness is adjusted and the subject can be 
illuminated with desired brightness. 

The entire surface of the illuminating substrate 21 may 
be divided into a plurality of surfaces with a predetermined 
area to form the EL device 22 and the desired surface of the 
EL device 22 may properly emit light. Thus, the brightness 
of illuminating light can properly be changed in accordance 
with the observed position in the body cavity through which 
the capsule endoscope passes. 

Further, the EL device 22 may directly be formed on the 
illuminating substrate 21. Alternatively, a condenser lens 
or diffusion lens may be arranged on the EL device 22. 

Referring to Figs. 2C and 2D, the EL device 22a having 
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the R, G, B matrixes is formed on the entire surface of the 
illuminating substrate 21. Or, referring to Fig. 2E, a red 
EL device 22r, a green EL device 22g, and a blue EL device 
22b are formed as three divided portions on the surface of 
the illuminating substrate 21 and are colored to white by 
complementary colors. Then, white light-emission is 
efficiently possible. Thus, a preferable observed image is 
obtained. 

The peripheral-circuit parts 8a, 8b, and 8c comprise 
substrates 31, 32, and 33, and various electronic parts 34, 

40. The substrates 31 to 33 have wirings with 
predetermined conductive patterns. The electronic parts 34 
to 40 are mounted on the substrates 31 to 33. The 
peripheral-circuit parts 8a to 8c are electrically and 
mechanically connected by projecting electrodes 41. Thus, 
various circuits such as a signal processing circuit, a 
receiving and transmitting circuit, and a control circuit 
are arranged in the capsule portion 2 . 

The signal processing circuit performs processing for 
converting an optical image formed on the image pick-up 
surface of the image pick-up element 13 into an image signal 
and generates a driving signal for driving the image pick-up 
element 13. The receiving and transmitting circuit performs 
predetermined processing of the image signal generated by 
the signal processing circuit, transmits the image signal to 
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the observing device as the external device (not shown) , and 
receives the control signal transmitted from the observing 
device. The control circuit controls portions based on 
various control signals received by the receiving and 
transmitting circuit. 

The power source unit 9 is, for example, a battery. 
The power source unit 9 and the illuminating unit 7 are 
electrically connected by a flexible substrate 42. Further, 
the power source unit 9 and the peripheral-circuit parts 8a 
to 8c are electrically connected by the flexible substrate 
42. 

The power source unit 9 is not limited to the battery 
and may be a power source unit or the like comprising a 
power-receiving magnetic coil for receiving magnetic force 
outputted from the external device (not shown) and a charge 
capacitor . 

A description is given of the operation of the capsule 
endoscope 1 with the above-mentioned structure. 

First, an examinee swallows the capsule endoscope 1. 
Thus, the capsule endoscope 1 is introduced in the body 
cavity via the mouth cavity. 

Next, an operator operates the observing device and 
transmits an observation instructing signal for endoscope 
observation and the like to the capsule endoscope 1. Then, 
the receiving and transmitting circuit in the capsule 
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endoscope 1 receives the observation instructing signal and 
thus the EL device 22 in the illuminating unit 7 enters the 
light emitting state and the image pick-up element 13 in the 
observation optical unit 6 enters the image pick-up state. 

The illuminating light without luminance blur obtained 
by surface-emitting light by the EL device 22 uniformly 
illuminates the subject. When the image pick-up element 13 
is in the image pick-up state, the optical image of the 
subject illuminated by the EL device 22 is formed on the 
image pick-up surface of the image pick-up element 13 via 
the observing-side cover 4 and the optical lenses 11 and 12. 
The optical image formed on the image pick-up surface is 
converted into an electric signal by the image pick-up 
element 13. The converted electric signal is converted into 
an image signal by the signal processing circuit. Then, the 
converted image signal is transmitted to the observing 
device via the receiving and transmitting circuit. The 
image signal transmitted to the observing device is 
outputted to a display device (not shown) in the observing 
device. Consequently, an endoscope image captured by the 
capsule endoscope 1 is displayed on a screen of the display 
device. 

As described above, the illuminating unit in the 
capsule endoscope is the surface emission light source 
comprising the EL device containing a film on the surface of 
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the substrate. Therefore, the thickness dimension of the 
capsule portion in the optical unit can considerably be 
thinner in the longitudinal direction. 

The EL device formed as the surface on the substrate- as 
the illuminating unit in the capsule endoscope surface-emits 
light. Thus, the uniform illuminating light can be obtained 
with excellent light-distribution and without luminance blur. 

Further, the EL device forming the illuminating unit in 
the capsule endoscope has the property that no heat is 
generated. Thus, it is possible to accurately prevent the 
inconvenience that the heat generated by the illuminating 
unit is transmitted to the image pick-up element, the 
temperature of the image pick-up element increases, and 
noises generate. Further, the power consumption of the 
illuminating unit is considerably reduced. 

With the above structure and operations, a preferable 
endoscope image is obtained by the capsule endoscope. 
Moreover, it is possible to effectively use the space in the 
capsule portion forming the capsule endoscope, to reduce the 
size of the capsule portion, and to effectively use power. 

According to the first embodiment, the surface emission 
light source comprises the EL device containing the film. 
Further, the surface emission light source may comprise a 
surface emission laser. As compared with the surface 
emission laser, the surface emission laser in this case can 
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be thinner. Furthermore, since the contact area to a 
holding member is large, the surface emission laser has the 
property that a cooling effect is high and a stable output 
is obtained. 

In the case of using the surface emission laser as the 
surface emission light source, referring to Fig. 3A, a 
plurality of surface emission lasers 25 which emits white 
light at a predetermined position on the illuminating 
substrate 21 are arranged at predetermined positions. 
Alternatively, referring to Fig. 3B, a surface emission red 
laser 25r, a surface emission blue laser 25b, and a surface 
emission green laser 25g are arranged at predetermined 
positions on the illuminating substrate 21. Thus, the white 
light may be combined. A condenser lens or a diffusion lens 
may be arranged onto the upper surface of the surface 
emission laser. 

As a result, the surface emission laser has preferable 
light directivity and therefore the illuminating light is 
illuminated to a target position with stable brightness. 

(Second embodiment) 

The illuminating substrate 21 is arranged at the 
position approximately perpendicular to the capsule portion 
2 in the longitudinal direction according to the first 
embodiment. However, the surface emission light source 
forming the illuminating unit 7 arranged to the capsule 



- 14 - 



endoscope 1 may be arranged with the following structure. 

That is, referring to Fig. 4, the illuminating 
substrate 21 having the EL device 22 and the electronic 
parts 23 and 24 is arranged with the inclination having a 
predetermined angle 9 to the capsule portion in the 
longitudinal direction thereof. 

Thus, the illuminating direction of the illuminating 
light emitted from the EL device 22 formed on the 
illuminating substrate 21 is properly set to a desired 
direction . 

Other structures are the same as those according to the 
first embodiment, the same members are designated by the 
same reference numerals, and a description thereof is 
omitted. 

As stated above, the illuminating substrate forming the 
illuminating unit in the capsule endoscope is arranged with 
the inclination of the predetermined angle 9 to the capsule 
portion in the longitudinal direction thereof. Consequently 
the illuminating direction of the illuminating light is 
properly set matching the observing target, the illuminating 
efficiency is improved, and the brightness of the observing 
portion is set. 

Referring to Fig. 5A, according to the second 
embodiment, a flexible substrate 50 having the flexibility 
is used in place of the illuminating substrate 21 having the 
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EL device 22 and the electronic parts 23 and 24 and the 
substrates 31 to 33 having the various electronic parts 34 
to 40. Wiring patterns are formed on both the front and 
back surfaces of the flexible substrate 50 with 
predetermined shape. 

The EL device 22 is directly formed at the 
predetermined position of the flexible substrate 50. The 
electronic parts 23 and 24, the image pick-up element 13, 
and the electronic parts 34 to 40 are mounted on 
predetermined positions by a flip chip, wire bonding or the 
like in consideration that they are bent and arranged in the 
main body 3 . 

Referring to Fig. 5B, a capsule endoscope IB is formed 
such that the flexible substrate 50 is bent like a ring in 
the inner space of a main body 3a. A substrate supporting 
portion 3b projected with a predetermined amount in the 
circumferential direction is formed at a predetermined 
position of the inner-peripheral surface of the main body 3a. 
The substrate supporting portion 3b is used for setting the 
edge portion of the flexible substrate 50 at a predetermined 
position. 

Therefore, by arranging the edge portion of the 
flexible substrate 50 at the substrate supporting portion 3b, 
the observation using the endoscope is performed by setting, 
in a desired direction, the illuminating direction of the 
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illuminating light emitted from the EL device 22 formed on 
the flexible substrate 50. 

Other structures are the same as those according to the 
first embodiment, the same member is designated by the same 
reference numeral, and a description thereof is omitted. 

Prior to the electronic part 34, the electronic part 35 
is electrically and mechanically connected to the flexible 
substrate 50 via a projecting electrode 41 by using the 
ultrasonic waves, thermocompression, soldering or the like. 
While the electronic part 34 is arranged on the electronic 
part 35, the electronic part 34 is electronically and 
mechanically connected to the flexible substrate 50 by using 
the ultrasonic waves, thermocompression, soldering, ACP, NCP 
or the like. After connection, the connecting peripheral 
portion is fixed by a fixing agent of an epoxy system, a 
phenol system, a silicon system, an acrylic system or the 
like . 

As mentioned above, the EL device is formed on the 
flexible substrate and the electronic parts are mounted on 
the flexible substrate. Thus, the number of assembling 
processes and the number of parts are reduced. 

By properly setting the position of the substrate 
supporting portion formed on the main body, the illuminating 
direction emitted from the EL device is set to the desired 
direction. 
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Other operation and advantages are the same as those 
according to the first embodiment. 

Referring to Fig. 6A, in a capsule endoscope 1C 
according to the second embodiment, the EL device 22 is 
formed on a variable focusing member 60 as illuminating 
direction changing means. The variable focusing member 60 
is arranged on an illuminating substrate 21a. 

The variable focusing member 60 mainly comprises a 
bottom electrode 61, a top electrode 62, and a spacer member 
63. The bottom electrode 61 is arranged onto the 
illuminating substrate 21a. The top electrode 62 faces the 
bottom electrode 61 and is arranged thereto via the spacer 
member 63. The spacer member 63 has a predetermined 
electrostatic gap between the bottom electrode 61 and the 
top electrode 63. 

Specifically, referring to Fig. 6B, the top electrode 
62 comprises: a first insulating resin film 62a and a second 
insulating resin film 62b which are made of a polyimide 
resin member or the like; and an electrode 62c made of an 
aluminum sandwiched by the first and second insulating resin 
films 62a and 62b. The EL device 22 is formed on the second 
insulating resin film 62b. 

Reference numeral 2 6 denotes an electronic part forming 
a focusing position control circuit which controls the 
focusing position of the variable focusing member 60. 
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A description is given of the operation for the EL 
device 22 which is arranged to the variable focusing member 
60 with the above-described structure. 

An observation instructing signal is transmitted to the 
capsule endoscope 1C, and a receiving and transmitting 
circuit in the capsule endoscope 1C receives the observation 
instructing signal. Thus, the EL device 22 of the 
illuminating unit 7 emits light and the image pick-up 
element 13 of the observation optical unit 6 enters the 
image pick-up state. Then, the EL device 22 outputs the 
illuminating light substantially in parallel with an optical 
axis 6a of the observation optical unit 6. 

Here, an observing device (not shown) transmits a 
focusing change instructing signal to the capsule endoscope 
1C. Then, the focusing position control circuit applies a 
predetermined voltage to the bottom electrode 61 and the top 
electrode 62. Then, an electric field is generated between 
the electrodes, and the top electrode 62 is concave-bent. 
This change inclines the illuminating light outputted from 
the EL device 22 to the optical axis 6a of the observation 
optical unit 6. That is, the top electrode 62 is modified 
in a predetermined state, thereby changing the output 
direction of the illuminating light outputted from the EL 
device 22. 

As mentioned above, the surface emission light source 
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is formed at the predetermined position of the variable 
focusing member. Thereby, the focusing instructing signal 
is outputted during the observation, the shape of the 
variable focusing member is modified, and the output 
direction of the illuminating light outputted from the 
surface emission light source can be changed to the desired 
direction. 

Thus, the proper illuminating light illuminates the 
observed position and the preferable endoscope image is 
obtained. 

Other operation and advantages are the same as those 
according to the first embodiment. 

Referring to Fig. 7, in a capsule endoscope ID 
according to the second embodiment, the EL device 22 is 
formed like a band or partly at a predetermined position out 
of the observing f ield-of -view range shown by a broken line 
of the observation optical unit 6 on the inner peripheral 
surface of the observing-side cover 4, instead of forming 
the EL device 22 on the illuminating substrate 21. The 
electronic parts 23 and 24 forming the control circuit which 
controls the light emitting state of the EL device 22 are 
arranged on the edge surface side of the illuminating 
substrate 21. 

Other structures are the same as those according to the 
first embodiment, the same member is designated by the same 
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reference numeral, and a description thereof is omitted. 

As mentioned above, the surface emission light source 
formed by the film is formed at the predetermined position 
on the inner surface of the observing-side cover, and the 
light-emitting control circuit parts are arranged on the 
illuminating substrate on the inner-surface side of the 
observing cover. Thus, the space in the capsule portion 
forming the capsule endoscope is effectively used or the 
capsule portion is reduced in size. 

Other operation and advantages are the same as those 
according to the first embodiment. 

Having described the preferred embodiments of the 
invention referring to the accompanying drawings, it should 
be understood that the present invention is not limited to 
those precise embodiments and various changes and 
modifications thereof could be made by one skilled in the 
art without departing from the spirit or scope of the 
invention as defined in the appended claims. 



